Treatment of Trichodina sp reduced load of Flavobacterium columnare and improved survival of hybrid tilapia  by Xu, De-Hai et al.
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a  b  s  t  r  a  c  t
Bacterium  Flavobacterium  columnare  and  protozoan  Trichodina  spp  are  common  pathogens  of  cultured
ﬁsh.  Studies  of parasite–bacterium  interaction  show  evidence  that  concurrent  infections  increase  severity
of some  infectious  diseases,  especially  bacterial  diseases.  The  effect  of parasite  treatment  on  F. columnare
infection  in  tilapia  is  currently  unknown.  This study  evaluated  whether  treatment  of Trichodina  sp par-
asitized  hybrid  tilapia  (Oreochromis  niloticus  × Oreochromis  aureus)  with  formalin  would  improve  ﬁsh
survival  and  reduce  F. columnare  infection  in  ﬁsh  after  F.  columnare  exposure.  Hybrid tilapia  parasitized
by  Trichodina  sp  were  divided  into  3 treatment  groups.  The  ﬁrst group  of ﬁsh  received  no  parasite  treat-
ment.  The  second  group  of ﬁsh  were  bath  treated  with 150  mg  L−1 formalin  for 1 h. The  third  group of  ﬁsh
treated  twice  with  150 mg  L−1 formalin  bath  for 1 h each  at 2 day  intervals.  All ﬁsh  were  then exposed  to
F.  columnare  by immersion  challenge.  The  tilapia  not  treated  with  formalin  showed  signiﬁcantly  higher
mortality  (37.5%)  than  those  treated  with  formalin  (≤16.7%)  after  exposure  to  F. columnare.  Fish  treated
twice  showed  lower  mortality  (6.37%)  than  those  treated  only  once  (16.7%).  The  non-treated  ﬁsh  showed
signiﬁcantly  higher  load  of  F. columnare  in  gill, kidney  and liver  compared  to  those  treated  with  formalin
following  exposure  to F.  columnare.  The  bacterial  load  of non-treated  ﬁsh  was  27075  genome  equivalents
per  mg  of gill  tissue  (GEs/mg),  12  fold  higher  than  those  treated  once  with  formalin  (2250  GEs/mg)  or
39  fold  higher  than those  treated  twice  with  formalin  (699  GEs/mg)  after  exposure  to  F. columnare.  This
study  demonstrated  that formalin  treatment  for Trichodina  sp parasitism  reduced  bacterial  infection  as
suggested  by reduced  loads  of  bacteria  in ﬁsh  tissues  and  subsequently  decreased  ﬁsh  mortality.
Published  by Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://. Introduction
Flavobacterium columnare,  a Gram-negative bacterium is the
ausative agent of columnaris disease, frequently associated with
igh mortality in many commercially important freshwater ﬁsh
orldwide (Declercq et al., 2013). Columnaris disease impacts
umerous warm and cold-water cultured ﬁsh, such as channel cat-
sh (Ictalurus punctatus),  tilapia (Oreochromis sp), rainbow trout
Oncorhynchus mykiss)  and coho salmon (Oncorhynchus kisutch)
Shoemaker et al., 2008a; Shoemaker and LaFrentz, 2015; Eissa
t al., 2010; LaFrentz et al., 2012). In the United States, columnaris is
 leading cause of mortality of farm-raised catﬁsh and can result in
0–90% mortality among adults and ﬁngerlings in ponds (Wagner
t al., 2002). Columnaris affects all life stages from newly hatched
ry to ﬁsh that have reached the harvest stage (Panangala et al.,
007). Columnaris is generally regarded as an external infection of
∗ Corresponding author. Fax: +1 334 887 2983.
E-mail address: dehai.xu@ars.usda.gov (D.-H. Xu).
ttp://dx.doi.org/10.1016/j.aqrep.2015.09.007
352-5134/Published by Elsevier B.V. This is an open access article under the CC BY-NC-Ncreativecommons.org/licenses/by-nc-nd/4.0/).
ﬁsh with clinical signs of skin lesions, ﬁn erosion and gill necro-
sis (Declercq et al., 2013), though F. columnare has been isolated
from ﬁsh internal organs without any external lesions (Hawke and
Thune, 1992).
Trichodina spp are ciliated protozoan parasites of ﬁsh commonly
found on the skin and gills. These parasites usually cause limited
problems to ﬁsh if ﬁsh are only lightly infected. However, Trichodina
sp can cause serious pathological changes and mortalities among
heavily parasitized ﬁsh. Small ﬁsh and fry are especially susceptible
to parasitism with Trichodina sp (Lom, 1995). Trichodina sp causes
irritation by feeding on the epithelial layer of cells covering the sur-
face of the skin and gills of the ﬁsh. Heavy parasitism of Trichodina
sp on ﬁsh can directly result in abrasions, lesions and ulcers which
allow for secondary bacterial infections to develop at the affected
site (Lom, 1995; Smith and Schwarz, 2009).
Parasites and bacteria are common inhabitants in water of ﬁsh
farms. The co-occurrence of external parasites with some bacte-
ria has been suggested to represent a symbiotic relationship (Eissa
et al., 2010). Studies of parasite–bacterium interaction showed
evidence that concurrent infections increase severity of some
D license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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nfectious diseases, especially bacterial diseases (Busch et al., 2003;
abrie et al., 2004; Bandilla et al., 2006; Pylkkö et al., 2006; Xu
t al., 2007). Evans et al. (2007) compared effect of Streptococcus
p infection on ﬁsh mortality between non-parasitized or Trichod-
na sp parasitized channel catﬁsh fry and found that parasitized ﬁsh
ad higher mortality (27–100%) than non-parasitized ﬁsh (0–20%).
usch et al. (2003) studied concurrent exposure of rainbow trout
ry to Gyrodactylus derjavini and Flavobacterium psychrophilum by
mmersion and found an enhancement of bacterial invasion. In a
ecent study, Xu et al. (2014) found that hybrid tilapia (Oreochromis
iloticus × Oreochromis aureus)  parasitized by Ichthyophthirius mul-
iﬁliis showed signiﬁcantly higher mortality (60.4%) when exposed
o F. columnare than non-parasitized ﬁsh (29.1%). The bacterial
oads of F. columnare in ﬁsh infected by Ich was 13–17 fold higher
han those of non-parasitized ﬁsh (Xu et al., 2014).
Plumb (1997) reported that in a recirculation tilapia production
acility, presence of Trichodina sp presumably caused epidermal
njuries that lead to streptococcosis and edwarsiellosis infections
hat could not be controlled by antibiotics. Control of the parasite
ith formalin resulted in a decrease in overall death loss (Plumb,
997; Shoemaker et al., 2008b). The effect of parasite treatment
n F. columnare infection in tilapia is currently unknown. This
tudy evaluated whether treatment of hybrid tilapia parasitized by
richodina sp would improve ﬁsh survival after F. columnare expo-
ure. The loads of F. columnare were also compared in ﬁsh tissues
etween treatments after exposure to F. columnare.
. Materials and methods
.1. Fish and parasite
Sex reversed F1 hybrid tilapia (O. niloticus × O. aureus)  were
btained as fry from Aquasafra, Inc. (Bradenton, FL, USA) and
eared to experimental size in indoor tanks (340 L) at the USDA-
RS Aquatic Animal Health Research Unit, Auburn, AL. On a routine
xamination, ﬁsh in tanks were noted to be parasitized with Tri-
hodina sp on both skin and gill with an infection intensity of 4–8
richodina sp per 100× magniﬁcation view (optic 10× and objec-
ive 10×,  approximately 2.8 mm2) under an Olympus microscope
Olympus, Tokyo, Japan). Those hybrid tilapia infected with Trichod-
na sp were used to evaluate the effect of parasite treatment on F.
olumnare infection.
.2. Water quality
Water quality parameters in experimental tanks were measured
s follows (mean ± SEM): the dissolved oxygen was  5.6 ± 0.4 mg  L−1
determined using YSI oxygen meter, Yellow Spring Instrument,
ellow Springs, OH); the temperature was 23.4 ± 0.5 ◦C; the pH was
.4 ± 0.2; the ammonia content was 0.42 ± 0.23 mg L−1; the hard-
ess was 98.3 ± 8.6 mg  L−1; the alkalinity was 162.5 ± 9.9 mg  L−1
nd nitrite concentration was 0.09 ± 0.07 mg  L−1 (determined
sing a Hach CEL/890 Advanced Portable Laboratory, Loveland, CO).
.3. Bacterium and growth conditions
F. columnare (ALM-05-53) was isolated from a diseased channel
atﬁsh from Alabama (Shoemaker and LaFrentz, 2015). The isolate
as inoculated in modiﬁed Shieh broth (LaFrentz and Klesius, 2009)
nd incubated aerobically on a shaker set at 28 ◦C and 175 revolu-
ions per minute (rpm) for 24 h. Following 24 h of growth, cultures
ere adjusted to optical density (OD) of 0.80 at 540 nm by dilution
ith modiﬁed Shieh broth. Following adjustment, a sample of each
ulture was then taken and viability was tested by bacterial plateports 2 (2015) 126–131 127
count method (in duplicate) to determine the colony forming units
(CFU)/mL of culture.
2.4. Experimental design
A total 390 hybrid tilapia with an average total length of
10.2 ± 0.9 cm (mean ± SD) and average weight of 15.9 ± 3.4 g were
used in this trial. These ﬁsh were divided into 3 treatment groups.
Each group received either no parasite treatment, bath treated with
150 mg  L−1 formalin in water for 1 h (single treatment) or bath
treated with 150 mg  L−1 formalin in water for the period of 2 con-
secutive days (double treatment). Formalin has been approved by
US Food and Drug Administration (FDA) for treating external pro-
tozoa parasites by bath treatment up to 250 mg  L−1 for 1 h for most
ﬁnﬁsh, including tilapia (Bowker et al., 2011). Fish were allowed to
recover for 5 days after the last parasite treatment. Ten ﬁsh were
then sampled from each tank to check parasite from skin and gills
and to verify free status of F. columnare in tissues of gill, liver and
kidney using qPCR (see below) prior to F. columnare challenge. No
F. columnare was  detected from ﬁsh sampled prior to F. columnare
exposure.
The remaining ﬁsh in each of above tanks were divided equally
into 18 tanks with 20 ﬁsh per tank which received one of following
treatments: (1) no parasite treatment and exposed to F. columnare;
(2) single treatment and exposed to F. columnare;  (3) double treat-
ment and exposed to F. columnare;  (4) no parasite treatment and not
exposed to F. columnare;  (5) single treatment and not exposed to F.
columnare;  (6) double treatment and not exposed to F. columnare.
Triplicate tanks were used for each treatment group.
To challenge ﬁsh with F. columnare,  ﬁsh in each treatment were
immersed in buckets containing 5 L water with F. columnare at a
concentration of 3.2 × 107 CFU mL−1 for 15 min. The challenge con-
centration of F. columnare was  similar to those previously reported
(Xu et al., 2014). Fish not exposed to the bacterium were kept in
water (5 L) with the same amount of Shieh broth (mock challenge)
for 15 min. After challenge or mock challenge, ﬁsh were returned to
the 57 L tanks with ﬂowing water at 0.5 L min−1. Fish mortality was
monitored twice a day for 16 days. Further, dead ﬁsh were exam-
ined for parasite and F. columnare at those times. Two ﬁsh were
randomly sampled from each tank 1 and 3 days post F. columnare
challenge to check for parasite infection and then gill, liver, and kid-
ney were collected for F. columnare quantiﬁcation after ﬁsh were
anesthetized with 300 mg  L−1 tricaine methanesulfonate (MS-222).
To inspect Trichodina sp infection, two wet mount samples were
prepared from skin by scraping caudal ﬁn and two from gill ﬁl-
aments (5 × 5 mm)  cut from the opercular cavity on both sides
of each ﬁsh. Skin and gill samples were observed under a micro-
scope and the numbers of parasite were randomly counted by 3
viewing areas at 100× magniﬁcation (optic 10× and objective 10×,
approximately 2.8 mm2) for each sample. All ﬁsh were handled
and treated according to the protocol approved by the USDA-ARS
Aquatic Animal Health Research Unit Institutional Animal Care and
Use Committee.
2.5. Genomic DNA isolation from bacteria and standard curve
Cells of F. columnare were cultured in modiﬁed Shieh broth
at 28 ± 2 ◦C and 150 rpm in a shaker until an OD540 value was
about 0.8, corresponding to 3.75 × 108 CFU mL−1 by the standard
plate-count method. Genomic DNA (gDNA) from bacterial pellets
was extracted and puriﬁed using DNeasy tissue kit and associ-
ated protocol (Qiagen, Valencia, CA, USA). RNase (Qiagen) was
used to remove RNA from DNA samples. DNA yield and purity
were determined spectrophotometrically using Nanodrop ND-
1000 (NanoDrop Technologies, Wilmington, DE,  USA). The puriﬁed
gDNA was  stored at −20 ◦C until use. Genomic DNA standard curve
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as generated by plotting Ct values (y-axis) against the log10 gDNA
oncentrations of F. columnare (x-axis), in which Ct was  the thresh-
ld cycle of qPCR (see below) and gDNA were tenfold serially diluted
amples corresponding to 5 ng–0.5 pg L−1 (That is equivalent to
.5 × 106–1.5 × 102 individual genomes of F. columnare cells). The
tandard curve revealed a linear correlation between Ct values and
og amount of nucleic acid (Ct = 22.0 − 3.5 × Con, R2 = 0.99).
.6. Genomic DNA isolation from ﬁsh tissues
Each tissue was weighed (approximately 20 mg)  upon thaw-
ng and recorded. The ﬁsh organ was macerated with sterilized
ontes disposable pestles in a microcentrifuge tube. Total gDNA
f F. columnare in ﬁsh tissues was extracted by the DNeasy tis-
ue kit and eluted with a volume of nuclease-free water (Promega,
adison, WI)  equal to 1 L water per mg  tissue. DNA yield and
urity were determined spectrophotometrically using Nanodrop
D-1000. The puriﬁed gDNA was stored at −20 ◦C until use.
.7. Quantitative real-time PCR
TaqMan-based quantitative real-time PCR (qPCR) was  used
or the detection and quantitation of F. columnare in infected
sh as described by Panangala et al. (2007). The qPCR has
een demonstrated to have high speciﬁcity and sensitivity to
uantify F. columnare in ﬁsh tissues, such as blood, gills and
idney (Panangala et al., 2007). The qPCR was  performed on
n Applied Biosystems 7500 Real-Time PCR machine (ABI, Fos-
er City, CA) using Platinum® Quantitative PCR SuperMix-UDG
Invitrogen, Carlsbad, CA). Two F. columnare-speciﬁc primers
forward 5′-CCTGTACCTAATTGGGGAAAAGAGG-3′ and reverse 5′-
CGGTTATGCCTTGTTTATCATAGA-3′) and a dual-labeled probe (5′-
CAACAATGATTTTGCAGGAGGAGTATCTGATGGG-3′) were used for
peciﬁc detection of F. columnare.  The probe was labelled at
he 5′ end with the ﬂuorescent reporter dye [6-carboxy ﬂuores-
ein (FAM) with an emission spectrum of 518 nm]  and at the
′ end with the ﬂuorescent quencher dye [6-carboxy-N,N,N′,N′-
etramethylrhodamine (TAMRA) with an emission spectrum of
82 nm]  (Panangala et al., 2007). The primers targeted a 113 bp
ucleotide region of the chondroitin AC lyase gene of F. columnare
GenBank accession number AY912281; Xie et al., 2005; Panangala
t al., 2007). The qPCR mixture ﬁnal volume of 12.5 L consisted
f 1 L of gDNA from tissue samples, 0.5 L of 5 mM forward
rimer, 0.5 L of 5 mM reverse primer, 0.25 L ﬂuorogenic probe
nd 10.25 L of 1× Platinum® Quantitative PCR SuperMix-UDG
Invitrogen, Carlsbad, CA). Reactions were performed using the
ollowing conditions: 95 ◦C for 10 min  followed by 40 cycles of
able 1
acterial species used in this study to determine the speciﬁcity of the qPCR.
Isolate Species 
ALM-05-53 Flavobacterium columnare 
TN-3-12 F. columnare 
90-106 F. columnare 
AL-02-36 F. columnare 
ALG-00530 F. columnare 
BZ-1  F. columnare 
ATCC  15468 Aeromonas caviae 
AL09-71 A. hydrophila 
AL98-C1B A. hydrophila 
ATCC  43979 A. sobria 
EILO  (Eic2) Edwardsiella ictaluri 
AL93-58  E. ictaluri 
Eta8  E. tarda 
Sag10  Streptococcus agalactiae 
Sin17  S. iniae 
TCC: American type culture collection.ports 2 (2015) 126–131
95 ◦C for 15 s and 60 ◦C for 1 min. Extracted DNA from ﬁsh tissue
(1 L) was used as template in qPCR and the DNA concentration
of F. columnare in ﬁsh tissue was  determined via the standard
curve. Since 1 L of eluted sample was run in qPCR, the amount
of bacterial DNA in each mg  of tissue was equal to bacterial
DNA concentration (pg L−1) × eluted volume/tissue weight (mg).
Bacterial DNA in each mg  of tissue was  calculated as genome equiv-
alents per mg  of tissue (GEs mg−1) based on the genome size of F.
columnare = 3.2336 fg cell−1 (Tekedar et al., 2012)
2.8. Sensitivity and speciﬁcity of the qPCR assay
The detection limit was evaluated from 5 ng mL−1 to
0.05 pg mL−1 of the gDNA of F. columnare.  The reliable end-
point was  determined by examining the standard deviation of
the threshold cycle (Ct) values of four replicate wells. Standard
deviations above 0.30 were used to identify gDNA concentrations
in which replicates no longer conformed to assay precision as
recommended by Applied Biosystems, Inc. (True et al., 2009).
Speciﬁcity of the qPCR was  determined by performing the assay on
DNA extracted from following 15 cultures of bacteria: F. columnare
(ALM-05-53; TN-3-12; 90-106; AL-02-36; ALG-00530; BZ-1),
Aeromonas caviae (ATCC 15468), Aeromonas hydrophila (AL09-71;
AL98-C1B), Aeromonas sobria (ATCC 43979), Edwardsiella ictaluri
(Eic2; AL93-58), Edwardsiella tarda (Eta8), Streptococcus agalactiae
(Sag10) and Streptococcus iniae (Sin17). Most bacteria in the list
(Table 1) were originally isolated from diseased ﬁsh, identiﬁed
to species level using standard methods and maintained at the
USDA/AAHRU (Panangala et al., 2007).
2.9. Statistical analysis
Data were analyzed with SAS software (SAS Institute, 1989).
Mean days to death (MDD) were calculated by Lifetest procedure
(Kaplan–Meier method). Mortalities and the levels of F. columnare
DNA in ﬁsh (GEs/mg) from different treatment groups were com-
pared with Duncan multiple range tests. P-values of 0.05 or less
were considered statistically signiﬁcant.
3. Results
3.1. Parasite infection prevalence and intensityNo Trichodina sp was observed on skin and gill prior to F.
columnare challenge (5 days post parasite treatment) after ﬁsh
were treated twice with formalin (Table 2). Fish with one formalin
treatment signiﬁcantly reduced parasite prevalence and intensity
Origin Species of ﬁsh
Alabama Ictalurus punctatus
Alabama Oreochromis niloticus × O. aureus
Mississippi Ictalurus punctatus
Alabama Micropterus salmoides
Alabama Ictalurus punctatus
Brazil Oreochromis spp
ATCC Guinea pig, Cavia pocellus
Alabama Ictalurus punctatus
Alabama Oreochromis niloticus +
ATCC Fish (species unknown)
Thailand Clarias batrachus L.
Alabama Ictalurus punctatus
Alabama Oreochromis niloticus
Idaho Oreochromis spp
Hawaii Oreochromis niloticus
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Table  2
Infection prevalence and intensity of Trichodina sp in skin and gills of hybrid tilapia prior to F. columnare challenge and 1 and 3 days post F. columnare challenge. Within a
given  sampling day and a ﬁsh organ, means followed by different superscript letters are statistically different (P < 0.05).
Number of treatments Number of ﬁsh Skin Gill
Infection prevalence Infection intensity Infection prevalence Infection intensity
Prior to F. columnare challenge (5 days post parasite treatment)
0  30 100.0a 6.4 ± 0.5a 90.0a 6.2 ± 1.9a
1 30 20.0b 0.3 ± 0.1b 0b 0 ± 0b
2 30 0c 0 ± 0b 0b 0 ± 0b
Day 1 post F. columnare challenge (6 days post parasite treatment)
0 18 100.0a 3.7 ± 0.3a 83.3a 1.3 ± 0.2a
1 18 22.2b 0.2 ± 0.1b 16.7b 0.2 ± 0.1b
2 18 0c 0 ± 0b 0b 0 ± 0b
Day 3 post F. columnare challenge (8 days post parasite treatment)
0 18 100.0a 3.8 ± 0.5a 62.5a 0.9 ± 0.2a
1 18 37.5b 0.5 ± 0.2b 8.3b 0.1 ± 0.1b
2 18 4.2c 0.1 ± 0.1b 0b 0 ± 0b
I ; infection intensity = total number of Trichodina sp on ﬁsh skin or gill per viewing area
(
a
t
s
(
1
3
F
i
m
e
o
a
l
l
w
A
t
o
w
3
i
g
t
s
e
u
Fig. 1. Standard curve for quantifying F. columnare in hybrid tilapia. The nucleic acid
extracted from pure culture of F. columnare was made 10-fold serial dilution from
5  ng to 0.5 pg/mL, which were equivalent to 1.5 × 106–1.5 × 102 cells of F. columnare.
The threshold cycle (Ct) value is deﬁned as the cycle in which ﬂuorescence is ﬁrst
measured. The Ct values (y-axis) are plotted against the log10 concentration series
(Con, x-axis). The standard curve revealed a linear correlation between Ct values
and  log amount of nucleic acid (Ct = 22.022 − 3.4503× Con, R2 = 0.998).
T
C
fnfection prevalence (%) = (number of infected ﬁsh/number of ﬁsh sampled) × 100
optic  10× and objective 10×,  approximately 2.8 mm2) under a microscope.
s compared to ﬁsh without treatment (p < 0.05). All ﬁsh without
reatment were infected by Trichodina sp (100% prevalence) and
howed an infection intensity of 4–6 parasites per viewing area
10× optic and 10× objective, approximately 2.8 mm2) in skin or
–6 parasites/view in gill (Table 2).
.2. Clinical signs and ﬁsh mortality after exposure to
lavobacterium columnare
During 24–48 h post exposure to F. columnare,  ﬁsh showed clin-
cal signs of mucus sloughing, skin darkness and rapid operculum
ovement. Most ﬁsh mortalities occurred in the ﬁrst 24–48 h post
xposure to F. columnare with a MDD  ≤1.8 (Table 3). Thirty percent
f dead ﬁsh were cultured to conﬁrm the cause of mortality and
ll dead ﬁsh were positive for F. columnare from the gill, kidney or
iver samples.
The tilapia parasitized by Trichodina sp not treated with forma-
in showed signiﬁcantly higher mortality (37.5%) than those treated
ith formalin (≤16.7%) after exposure to F. columnare (Table 3).
mong formalin treated ﬁsh, ﬁsh treated twice showed lower mor-
ality (6.37%) than those treated only once (16.7%). No mortality was
bserved in the parasitized tilapia (0%) that were not challenged
ith F. columnare.
.3. Sensitivity and speciﬁcity of the qPCR
The qPCR detected 10-fold serially diluted samples contain-
ng 5 ng–0.05 pg mL−1, which were equivalent to 1.5 × 106–1.5 × 10
enome copies of F. columnare.  However, the standard deviation of
he Ct values in replicate wells of 0.05 pg samples was  above 0.30,
o the precision for 0.05 pg was not reliable. Five DNA dilutions
quivalent to 1.5 × 106–1.5 × 102 genomes of F. columnare were
sed to generate a standard curve. The standard curve revealed a
able 3
umulative mortality of hybrid tilapia with different parasite treatments and F. columnar
or  16 days post challenge with F. columnare.  Within a given column, means followed by 
Number of treatments F. columnare challenge Fish number 
0 Yes 48 
1 Yes 48 
2 Yes 48 
0 No 48 
1 No 48 
2  No 48 
1 Mean day to death.
2 Not available.linear correlation between Ct values and log amount of nucleic acid
(Y = −3.4503X + 22.022) with R2 = 0.998 (Fig 1). Using speciﬁc qPCR
primers of F. columnare,  a 113 bp ampliﬁed product was  observed
in all 6 isolates of F. columnare by gel electrophoresis conﬁrming
speciﬁcity. The 113 bp product was  not observed in isolates of A.
caviae, A. hydrophila,  A. sobria,  E. ictaluri, E. tarda, S. agalactiae and
S. iniae (Fig 2).e challenge. Fish mortality (±SEM) was  the mean of 48 ﬁsh in 3 tanks and observed
different superscript letters are statistically different (P < 0.05).
Dead number Mortality (%) MDD1
18 37.5 ± 6.3a 1.7 ± 0.4a
8 16.7 ± 4.2b 1.8 ± 0.5a
3 6.3 ± 3.6c 1.0 ± 0a
0 0 ± 0d NA2
0 0 ± 0d NA
0 0 ± 0d NA
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Fig. 2. Gel electrophoresis showed ampliﬁed products (113 bp) of conventional polymerase chain reaction (PCR) using primers designed for the TaqMan real-time PCR, which
t  1: 100
9 ; Lane
4 a8); La
3
a
w
T
(
f
b
o
(
m
T
g
d
m
t
l
l
G
t
n
f
t
i
g
4
r
s
b
t
T
w
t
c
b
T
T
cargeting a nucleotide region of the chondroitin AC lyase gene of F. columnare.  Lane
0-106; 5, AL 0236; 6, ALG-00530; 7, BZ-1; Lane 8: Aeromonas caviae (ATCC 15468)
3979). Lane 12 to 13: E. ictaluri; 12, EILO (Eic2); 13, AL93-58; Lane 14: E. Tarda (Et
.4. Load of Flavobacterium columnare in ﬁsh tissues
F. columnare in ﬁsh tissues was quantiﬁed by qPCR and reported
s genome equivalents per mg  of tissue (GEs/mg). No F. columnare
as detected in parasitized ﬁsh prior to exposure to F. columnare.
he parasitized ﬁsh without treatment showed signiﬁcantly higher
p < 0.05) load of F. columnare in gill compared to those treated with
ormalin after immersion exposure to F. columnare (Table 4). The
acterial load was 27075 GEs/mg in the gill of parasitized ﬁsh with-
ut treatment, 12 fold higher than those treated once with formalin
2250 GEs/mg) or 39 fold higher than those treated twice with for-
alin (699 GEs/mg) one day post exposure (dpe) to F. columnare.
hree dpe to F. columnare,  the bacteria were detected only in the
ill of 50% ﬁsh not treated with formalin. No F. columnare was
etected from ﬁsh treated with formalin. The bacterial load was
uch lower in the gill of ﬁsh 3 dpe F. columnare than those one dpe
o F. columnare.
The parasitized ﬁsh without treatment showed higher bacterial
oads (p < 0.05) in kidney and liver than those treated with forma-
in one dpe to F. columnare (Table 4). The bacterial loads were 207
Es/mg and 266 GEs/mg in kidney and liver of parasitized ﬁsh not
reated with formalin, which were signiﬁcantly higher than kid-
ey (88 GEs/mg) and liver (127 GEs/mg) of ﬁsh treated once with
ormalin. No F. columnare was detected in kidney and liver of ﬁsh
reated twice with formalin 1 dpe to F. columnare (Table 4). A pos-
tive correlation (r = 0.62; p < 0.01) between parasite intensity and
enome equivalents of F. columnare in tilapia tissues was  observed.
. Discussion
The present study demonstrated that parasite treatment
educed bacterial invasion, decreased bacterial loads in ﬁsh tis-
ues and resulted in lower ﬁsh mortality. There was a correlation
etween parasite intensity and numbers of F. columnare in ﬁsh
issues. The non-treated ﬁsh showed high parasite intensity (4–6
richodina sp per 2.8 mm2 viewing area) comparing to those treated
ith formalin (<0.5 Trichodina sp per viewing area). The non-
reated ﬁsh had high loads of F. columnare in ﬁsh tissues as
ompared to parasitized ﬁsh treated with formalin. Higher num-
ers of F. columnare were detected in both external tissue (gills) and
able 4
he genome equivalent numbers of F. columnare cells (±SEM) in organs of hybrid tilapia
olumnare. Within a given sampling day and a ﬁsh organ, means followed by different su
Organs Number of treatments Day 1 
% F. columnare 
Gill 0 100a
1 100a
2 66.7b
Kidney 0 33.3a
1 16.7b
2 0c
Liver 0 33.3a
1 16.7b
2 0c bp DNA ladder. Lane 2–7: Flavobacterium columnare;  2, ALM-05-53; 3, TN-3-12; 4,
 9 to 10: Aeromonas hydrophila; 9, AL09-71; 10, AL98-C1B. Lane 11: A. sobria (ATCC
ne 15: Streptococcus agalactiae (Sg10); Lane 16: S. iniae (Sin17); Lane 17, water.
internal organs (kidney and liver) of non-treated ﬁsh infected with
Trichodina sp The mucus and epidermis are the ﬁrst line of defense
in ﬁsh and act as protective shields against invasive microorgan-
isms (Soto et al., 2008; Rombout et al., 2011). Parasite infections
can disrupt the ﬁrst line of defense in the skin and gills, thereby
creating putative routes for bacterial invasion (Cusack and Cone,
1986; Lom, 1995; Labrie et al., 2004) and increased susceptibility to
bacterial pathogens (Bandilla et al., 2006; Busch et al., 2003; Pylkkö
et al., 2006). Some early studies noted that abrasion, temperature
stress and/or feed deprivation induced ﬁsh to F. columnare infec-
tion and caused ﬁsh mortality after exposure to F. columnare by
immersion (Bader et al., 2003; Dalsgaard, 1993; Shoemaker et al.,
2003). Bader et al. (2003) suggested that abraded skin or gills of
the ﬁsh predisposed ﬁsh to the early entry of microbial pathogens
and subsequently increased ﬁsh mortality. In this study, cells of F.
columnare were detected in gills of all ﬁsh exposed to F. columnare
with qPCR after ﬁsh were challenged with F. columnare.  However,
loads of F. columnare were signiﬁcantly (p < 0.05) higher in gill,
kidney and liver of parasitized ﬁsh without treatment than those
treated with formalin.
Treatment with formalin is usually effective against Trichodina
sp (Lom, 1995; Smith and Schwarz, 2009). In this study, treatment
of parasitized ﬁsh with formalin at 150 mg  L−1 for one hour greatly
reduced parasite prevalence and intensity. Almost no Trichodina
sp as detected in parasitized ﬁsh treated twice with formalin at
150 mg L−1. Formalin is the only FDA-approved chemical for the
treatment of external parasites on food ﬁsh and probably the best
method for controlling Trichodina sp parasitism in an aquaculture
system (Smith and Schwarz, 2009). The FDA-approved dose of for-
malin is a bath of 170–250 ppm for 1 h or 15–25 ppm in ponds
indeﬁnitely (Bowker et al., 2011). Ponds may  be retreated in 5–10
days if needed (Bowker et al., 2011). Trichodina sp live externally on
ﬁshes usually with no clinical effects. However, under certain con-
ditions such as intensive aquaculture these ciliates may  proliferate
and have been reported to cause mortality in ﬁsh (Madsen et al.,
2000). Trichodina sp is transmitted by contacting infected ﬁsh or
contaminated water. An outbreak of Trichodina sp is generally asso-
ciated with high density of ﬁsh or poor water quality (Lom, 1995;
Smith and Schwarz, 2009). Prevention is the best control for exces-
sive numbers of Trichodina sp on ﬁsh. In a recent study, Clausen et al.
 (GE/mg) with different treatment times at day 1 and day 3 post challenge with F.
perscript letters are statistically different (P < 0.05).
Day 3
GE/mg % F. columnare GE/mg
27075 ± 981a 50.0a 711 ± 28a
2250 ± 70b 0b 0 ± 0b
699 ± 21c 0b 0 ± 0b
207 ± 98a 0b 0 ± 0b
88 ± 59b 0b 0 ± 0b
0 ± 0c 0b 0 ± 0b
266 ± 20a 0b 0 ± 0b
127 ± 85b 0b 0 ± 0b
0 ± 0c 0 b
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gyrodactylosis and streptococcosis of Nile tilapia, Oreochromis niloticus. J. FishD.-H. Xu et al. / Aquacult
2013) demonstrated that interventions focused on improving farm
nd pond management, such as reducing ﬁsh density and improv-
ng water quality could be effective in reducing parasite infections
n farmed ﬁsh. Chemical treatments can be considered if ﬁsh are
iagnosed with the parasite infection. Early detection and treat-
ent may  prevent heavy parasite loads on ﬁsh, limit the spread of
arasite to ﬁsh in other tanks or ponds, and indirectly reduce sec-
ndary bacterial infections (Plumb, 1997; Shoemaker et al., 2008b).
Prevention is one important factor for ﬁsh health in aquacul-
ure. To prevent the introduction and spread of diseases onto a ﬁsh
arm, good quality water free of wild ﬁsh needs to be used. Fish from
ources outside the ﬁsh farms need to be examined for pathogens
nd quarantined. Fish should be treated prior to stocking if parasites
re detected. Closely monitoring ﬁsh disease is another important
tep in ﬁsh health management. Monitoring can detect sick ﬁsh
nd identify the cause of disease at an early stage so that appro-
riate treatment can be given. When ﬁsh parasites are detected
n pond ﬁsh, treatment will be considered if parasites are treat-
ble and treatments are economically feasible. When evaluating
oses caused by parasitic disease, indirect loses caused by bacte-
ial pathogens also need to be considered. Results from this study
uggest that treatment of Trichodina sp with formalin at ﬁsh farms
ould reduce the infection by F. columnare and subsequently reduce
sh mortality. Prevention and treatment of parasite infection in ﬁsh
ill reduce direct damage due parasitism and ultimately reduce
ortality resulting from secondary bacterial infections.
. Conclusion
This study demonstrated that treatment of Trichodina sp para-
itized tilapia with formalin reduced parasite infection prevalence
nd infection intensity in ﬁsh. The formalin treatment for para-
itized ﬁsh reduced bacterial invasion, resulted in low loads of
acteria in ﬁsh tissues and ultimately improved ﬁsh survival. This
ork suggests that prevention and treatment of parasite infection
n ﬁsh is an important part of ﬁsh health management that will not
nly reduce the direct damage caused by the parasite but will also
educe ﬁsh mortality due to secondary bacterial infection.
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